This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PCX 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 

B01D 3/06, 3/10, C13F 1/00, B01D 1/00, 
D21C 11/10 



Al 



(11) International Publication Number: WO 00/62886 

(43) International Publication Date: 26 October 2000 (26.10.00) 



(21) International Application Number: PCT/IB99/02106 

(22) International Filing Date: 22 December 1999 (22.1 2.99) 



(30) Priority Data: 
09/294,161 



19 April 1999 (19.04.99) 



US 



(71) Applicant: MINERALS TECHNOLOGIES INC. [US/US]; The 
Chrysler Building, 405 Lexington Avenue, New York, NY 
10174 (US). 

(72) Inventor: ERDMAN, Gerald, Dean; 635 Wisteria Avenue, 
Reading, PA 19606 (US). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, 
GD, GE. GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS. LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO f RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, UA, UG, UZ, VN, YU, ZA, ZW, 
ARIPO patent (GH. GM, KE, LS, MW, SD, SL, SZ, TZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN. GW, ML, MR, 
NE, SN, TD, TG). 



Published 

With international search report. 



| (54) Title: METHOD AND APPARATUS FOR CONCENTRATING SLURRIED SOLIDS 
(57) Abstract 

I Method and apparatus for concentrating slurries by removing liquid in a single effect unit maintained under vacuum to effect low 
temperature flashing of the liquid. The single effect unit comprises a single flash column with separate recirculation loops, one to preheat 
incoming slurry for concentration and a separate loop for withdrawal of concentrated slurry. Vapor from the flash column can be treated 
to separate liquid from other components in the vapor. 



NSDOCID: <WO 0062686A1_I_> 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


AM 


Aimcnia 


FI 


Finland 


AT 


Austria 


FR 


France 


AU 


Australia 


GA 


Gabon 


AZ 


Azerbaijan 


GB 


United Kingdom 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


BB 


Barbados 


GH 


Ghana 


BE 


Belgium 


GN 


Guinea 


BF 


Burkina Faso 


GR 


Greece 


BG 


Bulgaria 


HU 


Hungary 


BJ 


Benin 


IE 


Ireland 


BR 


Brazil 


IL 


Israel 


BY 


Belarus 


IS 


Iceland 


CA 


Canada 


IT 


Italy 


CF 


Central African Republic 


JP 


Japan 


CG 


Congo 


KE 


Kenya 


CH 


Switzerland 


KG 


Kyrgyzstan 


CI 


Cote d'lvoire 


KP 


Democratic People's 


CM 


Cameroon 




Republic of Korea 


CN 


China 


KR 


Republic of Korea 


CU 


Cuba 


KZ 


Kazakstan 


CZ 


Czech Republic 


LC 


Saint Lucia 


DE 


Germany 


LI 


Liechtenstein 


DK 
EE 


Denmark 


LK 


Sri Lanka 


Estonia 


LR 


Liberia 



LS 


Lesotho 


SI 


Slovenia 


LT 


Lithuania 


SK 


Slovakia 


LU 


Luxembourg 


SN 


Senegal 


LV 


Latvia 


sz 


Swaziland 


MC 


Monaco 


TD 


Chad 


MD 


Republic of Moldova 


TG 


Togo 


MG 


Madagascar 


TJ 


Tajikistan 


MK 


The former Yugoslav 


TM 


Turkmenistan 




Republic of Macedonia 


TR 


Turkey 


ML 


Mali 


TT 


Trinidad and Tobago 


MN 


Mongolia 


UA 


Ukraine 


MR 


Mauritania 


UG 


Uganda 


MW 


Malawi 


US 


United States of America 


MX 


Mexico 


UZ 


Uzbekistan 


NE 


Niger 


VN 


Viet Nam 


NL 


Netherlands 


YU 


Yugoslavia 


NO 


Norway 


ZW 


Zimbabwe 


NZ 


New Zealand 






PL 


Poland 






FT 


Portugal 






RO 


Romania 






RU 


Russian Federation 






SD 


Sudan 






SE 


Sweden 






SG 


Singapore 







3NSDOCID: <W0 0062fi86A1J_> 



WO 00/62886 . PCT/1B99/02106 
MFTHOD AND APPARATUS FOR COVENTRATING SLURRIED SOLIDS 

RAC ^fiROUNO OF THE INVENTION 

The present invention pertains to the concentration of slurried particles, for 
example, concentrating precipitated calcium carbonate slurry from an intermediate solids level 
5 to a higher solids level. 

In the processing of many materials the material may be dispersed in a slurry 
which is then subject to further processing to either concentrate the slurried particles or to 
recover the slurried particles by such conventional techniques as dewatering, filtration and 
pressing of the dewatered material. A number of industrial processes have attempted to use 
10 vacuum columns or vessels to remove the liquid portion, e.g. water from the solid material. 

For example U.S. Patent 4,687,546 discloses a method for concentrating kaolin 
clay using indirect heat exchange to evaporate water from the partially concentrated clay slurry 
and then vacuum separation to boil off the water at less than normal water boiling temperatures. 
Patentees require a filtering step to bring the solids concentration to between 50 and 60% pnor 
15 to heat exchange and flash separation with a starting material being 15% by weight solids. 

Patentees in U.S. Patent 5,036,599. cited as an improvement over the previously 
referred to patent, include a recirculation loop, however, the product was drawn from the 
recirculation loop and new material for solids concentration is introduced into the separate 
vessel prior to heat exchange. 



20 



25 



U.S. Patent 4.504.355 discloses and claims a vacuum evaporation system for 
concentrating acetyl cellouse polymer solutions. 

U.S. Patent 4.530.737 discloses and claims a process for concentrating a 
solution by using indirect heat exchange to concentrate black liquor from a sulphate pulping 
process. 

U.S. Patent 5,209,828 discloses vacuum separation of water and volatile organic 
compounds from a spent caustic stream in a refinery. 
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SI IMMARY OF THF INVENTION 

The present invention is a method and apparatus for concentrating slurries by 
removing a liquid, e.g. water, in a single effect unit. 

According to the present invention the slurry to be concentrated is introduced into 
a vessel, e.g. a vacuum flash column, maintained at a pressure of less than 4 psia, the incoming 
slurry to be concentrated is heated so that the temperature inside the vacuum flash column is 
maintained at a temperature below 150°F, whereby the water boils off and is removed as steam 
with other gaseous components. The slurry inside the vacuum flash column is at the 
concentration desired and is maintained at the concentration by having two recirculating 
systems that recirculate the slurry. One recirculation system includes means to introduce 
additional slurry to be concentrated which is subject to external heating in order to maintain the 
supply temperature. The other recirculation system, at a different location from the first 
recirculation system, is used for withdrawal of concentrated slurry as product. The method and 
apparatus of the present invention can be used to raise intermediate solid slurries (e.g. 50 to 60 
weight percent) to final solids concentrations of 72 to 76 weight percent or higher with the 
attendant benefit, and certain possibilities to enhance other properties, such as viscosity and 
handle ability, when compared to conventional dewatering techniques followed by filtration and 
press cake dispersion. 

Therefore, in one aspect the present invention is a method of concentrating 
solids in a liquid slurry comprising the steps of: establishing a volume of slurry having a solids 
concentration lower than a desired higher solids concentration inside a vacuum chamber 
maintained under a vacuum of less than 4 psia, continuously withdrawing a stream of the slurry 
from the vacuum chamber and recirculating the stream through a heat exchanger to heat the 
stream to a temperature sufficient to maintain the temperature of the slurry within the chamber 
at a minimum temperature less than 150°F; continuously mixing and/or recirculating the slurry 
contained in the vacuum chamber until a desired higher solids concentration in the slurry is 
achieved; continuously adding additional slurry having the lower solids concentration, fed into 
the recirculating stream prior to the recirculating stream entering the heat exchanger and 
continuously withdrawing a product slurry having a higher solids concentration than the lower 
solids concentration fed to the vacuum chamber. 

In another aspect the present invention is a system for concentrating solids in a 
liquid slurry comprising in combination: a vessel adapted to contain a volume of slurry and be 
maintained under a vacuum of 4 psia or lower; a first recirculation system adapted to 
continuously withdraw slurry from the chamber and return the slurry into the chamber; heating 
means in the first recirculation system to heat the recirculating slurry; means to introduce slurry 
to be concentrated into the first recirculating means; and a second recirculation system at a 
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location away from the first recirculation system to continuously withdraw and recirculate slurry 
to the vessel, the second recirculation system including means to withdraw concentrated slurry 
from the second recirculation system. 

RRIFF PFSCRIPTION OF THE DRAWINGS 

Figure 1, is a schematic representation of the method and apparatus of the 
present invention. 

Figure 2, is a plot of product recirculation rate against intermediate feed solids 
concentration in weight percent for a precipitated calcium carbonate slurry at various flash 
temperatures. 

ncTA.i Pn DFRHRIPTION OF THF INVENTION 

All previous systems examined preferred to operate at +4 psia (where water boils 
at±150°F). use steam to generate vacuum and use steam to provide the heat for concentration. 
The stronger the operating vacuum, the more critical the design becomes with respect to 
equipment isolation in order to prevent air infiltration, which can negate the strong vacuum and 
desired result. The need that led to the present invention was to sustain a low operating 
pressure (±1 psia), where water boils at ±104°F, without using steam as the vacuum generator 
to allow the use of readily available, low-grade, process waste heat for concentrating a 
particular slurry to final solids requirements. Further, tower operating temperatures could 
potentially produce a better quality high solids product in terms of shelf life and settling stability. 
This system of the present invention uses a single flash column to achieve the target result in 
one (1) pass and removes the product stream from an internal recycle loop. This operating 
mode is very different than a typical, multiple effect evaporator using vapor recompression and 
other operating schemes to continuously concentrate product to final specifications. 

Figure 1 shows in schematic form the apparatus layout and the process scheme 
according to the present invention. Numeral 10 refers to the overall layout which includes a 
vacuum vessel or vacuum flash column 12. Vessel or column 12 Is preferably oriented vertically 
and is smaller in diameter than in height. Vacuum flash column 12 is maintained under vacuum 
by means of a vacuum system (e.g. vacuum pump) 14 which is connected to the overhead 
space 16 of column 12 via a suitable conduit 18. Disposed between the conduit 18 and the 
vacuum pump 14 is a heat exchanger 20, the purpose of which will be explained in more detail 
below. Vacuum flash column 12 is adapted to contain a volume of slurry 22 below the head 
space 16. A first recirculation pump 24 withdraws slurry from a location near the bottom 26 of 
vacuum flash column 12 for recirculation through a heat exchanger 28 and back to the column 
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via conduit 30. On the inlet side of pump 24 is a conduit 32 which in turn has an inlet conduit 34 
for admission of slurry to be concentrated from a suitable receptacle or vessel shown as 36. 

At a location spaced away from pump 24 is a second pump or recirculation 
device 38 which is used to withdrawal slurry from a location near the bottom 26 of vacuum flash 
5 column 12 through a conduit 40 and for reintroduction into the vacuum flash column 12 through 
an iniet conduit 42. Inlet conduit 42 contains a branch conduit 44 for withdrawal of product 
which is indicated generally by block 46. 

' m normal operation of the column 12, overhead is withdrawn via the vacuum 
pump 14 through conduit 18 and is passed through a heat exchanger 20 for condensing the 
10 liquid e g water so that the liquid can be used as a cooling medium for the vacuum pump 14, 
after which it is removed as a condensate indicated by block 48. At the same time gaseous 
components remaining in the condensed liquid can be removed in a separator for dispersal or 
recovery as shown by block 50. 

A system according to the invention finds application in concentrating many 
15 slurried materials and in particular for raising an intermediate solids slurry of precipitated 
calcium carbonate containing 50 to 60 weight percent solids to a final product containing sohds 
of between 72 and 76 percent by weight or higher. In order to do this the vacuum flash column 
12 is operated under vacuum conditions with a vacuum of approximately 1 psia. The slurry to 
be concentrated is introduced into the vacuum flash column 12 to the level indicated leaving a 
20 head space for withdrawal of vaporized liquids and other gaseous inert products. At a vacuum 
of approximately 1 psia in the vacuum flash column 12 water contained in the precipitated 
calcium carbonate slurry will boil at approximately 104'F. This being the case, the slurry 
recirculating through pump 24 which includes the incoming intermediate solid slurry 34 is heated 
in heat exchanger 28 to a temperature above 104-F. and preferably about 140»F. Under these 
25 conditions the slurry contained in the vacuum flash column 12 is increased from a sohds content 
of between 50 to 60 weight percent to approximately 72 weight percent, a destred 
concentration. Recirculation pump 38 is used to maintain dynamic conditions in the vacuum 
flash column 12 and to permit product to be withdrawn from the recirculation line at the full 
desired concentration. 



30 
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In certain instances it may be desirable to include a homogenization device 
shown generally as 52 to maintain certain properties of the concentrated slurry. This is of 
particular interest when concentrating precipitated calcium carbonate, since the homogemzer 
serves to maintain the rheological properties of the concentrated product. Heafng of the 
incoming and recirculating slurries in heat exchanger 28 can be accomplished by using hot 
water which is particularly convenient if there is no steam duty available for this task. On the 
other side of the process, water vapor and other gases coming from the overhead 18 pass 
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through a heat exchanger 20 so that the water is condensed and the components other than 
water, e.g. air, carbon dioxide, and other gases, can be separated from the water and the water 
used to cool the vacuum pump 14. 

Referring to Figure 2 there is a plot of recirculation rate, in gallons per minute, 
5 against intermediate feed solids concentration, in weight percent, for utilizing a system 
according to the invention to produce approximately 3.5 tons per hour (10.25 gallons per 
minute) of precipitated calcium carbonate slurry with a solids concentration of approximately 
72% by weight, where the flash column feed is heated to temperatures ranging from 120°F to 
140°F. For the plots of Figure 2, the incoming slurry feed was heated to 140°F, the combined 
10 recirculating stream was heated to between 120°F and 140°F, and the column was maintained 
under a vacuum so that the water had a nominal boiling point of approximately 104°F. The plots 
of Figure 2 define required recirculation rate of 72% slurry as a function of intermediate feed 
solids concentration and feed pre-heat temperature (prior to return to the column) at an 
operating rate of 3.5 tons/hr output at 72% solids concentration. 

15 In one case precipitated calcium carbonate slurry was concentrated to almost 76 

wt% and then diluted, with "let-back" product quality measurements. The method according to 
the invention used to produce the 76% product allowed the product to be pumpable and quite 
handleable (i.e., shear-thinning) after reaching final solids concentration (before dilution), a 
situation not easily achievable using only mechanical dewatering with subsequent cake 

20 dispersion at target final solids. 

Thus, according to the present invention, the use of a vertical flash column 
operated at a pressure of approximately 1 psia, results in a water boiling temperature of 
approximately 104°F for a slurry of solids dispersed in water when operating in a continuous 
mode as described above. The intermediate solids slurry introduced in conduit 34 would 

25 contain approximately 50 to 60 weight percent solids. This could be lower or higher. The 
intermediate solids content slurry is added to a precisely controlled recirculating volume of 
product solids that becomes blended to some intermediate concentration, the intermediate 
concentration being a function of final products solids, flash temperature and operating rates, 
before it gets heated to the targeted inlet temperature at which it enters the flash column 12. 

30 The blended intermediate solids stream entering the vacuum flash column 12 flashes to final 
concentration upon entering the column. Because water vapor liberated during flashing has a 
very high specific volume under the targeted operating conditions, it may have to be liquefied 
before entering the vacuum system 14 which maintains the desired operating pressure for the 
process. The heat exchanger or precondenser 20 is used to liquefy all the condensates which 

35 drop into the liquid ring vacuum pump for removal and recycled to a cooling tower. The liquid 
ring vacuum pump is designed to handle the systems non-condensable components, (e.g. air, 
C0 2 .etc.) and minor leakage through conventional connections and fittings. 
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The present invention provides a solution for those operations not having steam 
readily available for process heating, as weii as high pressure stream to generate a strong 
vacuum, by applying a significantly stronger than conventionally used vacuum (1 psia as 
opposed 4 psia or greater) using mechanical means in order to take advantage of readily 

5 available low-grade heat from a process such as the manufacture of precipitated calcium 
carbonate. This permits waste heat from gas scrubbing as well as heat from the heat of 
reaction to be captured and used to provide the energy to evaporate an intermediate solid slurry 
to a target final solid slurry specification of , e.g. 72 weight percent, or higher solids 
concentration. Conventional evaporators are generally of a low height (short) to reduce overall 

10 capital cost, thus whenever a strong vacuum is applied to the evaporator a potential leakage 
problem occurs leading to deterioration of the evaporator performance. In accord with the 
invention, utilizing a strong vacuum with a tall slender column will effectively prevent all auxiliary 
equipment, (such as pumps, heat exchanges and the like) from leaking air into the process in 
the event of seal failure. A tall thin evaporator design can also effectively isolate the stronger 

1 5 vacuum in the column, its interconnecting piping and the water vapor side of the process. This 
permits a rapid isolation resolution of any leakage problem, should one develop. With a short 
column a leaking heat exchanger pump could negate all the potential process operating benefits 
of a strong vacuum. 

The vacuum flash column (VFC) is a low temperature evaporation step, where 

20 the slurry of precipated calcium carbonate can be concentrated from an intermediate solids (e.g. 
±50%) to target final solids of 72%, minimum. The column operates at a nominal 1 psia, where 
water boils at approximately 104°F, which enables this step to utilize low-grade, waste heat 
available directly from the process used to produce the precipitated calcium carbonate or other 
site-specific opportunities. Operating pressure is maintained by a mechanical, liquid ring 

25 vacuum pump. Depending upon the size of the vacuum source a precondenser may be 
required. Cooling tower water is used for condensing and the flowrate will vary (significantly) 
with seasonal conditions, where summer-time temperatures (design basis) dictate the highest 
flowrate. Intermediate solids product is concentrated to final specifications in a single pass and 
flow control is a key parameter. It is necessary to blend the incoming feed with sufficient, 

30 recirculating 72% product in order to guarantee that 72% solids is achieved on flashing; and the 
recirculating product load is a function of incoming fresh feed & temperature, along with the 
blended feed temperature fed to the flash column's inlet. An experimental design assumed 
fresh feed arrives at 55% solids at 140°F and that a blended (recirculating plus fresh) feed 
temperature of 120°F is delivered to the vacuum flash column inlet. Product recirculation rate 

35 and evaporative load (Btu/hr) increases with lower feed solids or higher production at standard 
solids. In the experimental design, evaporation load was about 3600 Ib-water/hr. 

The process of the present invention has flexible operating temperatures 
bounded only by cooling water supply and maximum achievable and sustainable vacuum. For 
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example, the pilot prototype has successfully operated with a boiling point as low as 94°F (0.8 
psia); this means that process cooling water must be at least 15°F below that point in order to 
condense the boiling vapor - in winter time that may not be a problem; during summer time 
conditions, cooling tower water could potentially have operating temperatures well above that 
5 limit and both the sustainable vacuum and boiling point will be higher as a direct result. It's 
estimated that the sustainable lower limit of the liquid ring vacuum pump will be 0.5 psia, where 
water boils at 80°F, but (depending on available utilities) it may not be practical to operate under 
those conditions. The upper flashing (boiling) limit for this approach (utilizing process waste 
heat) is about 140°F. At these conditions, the operating pressure is about 3 psia and the ability 
10 to capture a significant amount of process waste heat is severely diminished. The process 
could operate at higher pressure than 3 psia, where the boiling point rises to 150°F or higher, 
but this puts a demand for higher temperature waste heat or steam sources which may not be a 
readily-available or low cost. 

The method and apparatus of the present invention have many uses. For 
15 example, a high solids product can be produced by concentrating intermediate solids slurries 
which have been produced by low cost dewatering devices such as rotary vacuum filters, gravity 
settling tables, or low solids centrifugal settlers, and the like. 

The method and apparatus of the present invention can be used to lower the 
normal boiling or flashing temperature for flashing a solvent or diluent (other than water) or 
20 portions thereof from a slurry suspension to concentrate the solids. 

The method and apparatus of the present invention enable a user to manufacture 
a stable, high solids product which is higher than that achievable by current production methods 
in certain applications. 

The method and apparatus of the present invention enable a user to increase the 
25 capacity of existing high solids processes by enabling current dewatering devices to operate at 
higher capacity and lower solids followed by concentration to a final targets solids using the 
invention. 

It is also possible with the method and apparatus of the present invention to. in 
certain applications, generate higher intermediate solids slurries for a particular customer to 
30 reduce freight, improve overall product quality and give the customer advantage of a higher 
solids feedstock. 

Having thus described my invention what is desired to be secured by Letters 
Patents of the United States is set forth, without limitation, in the appended claims. 
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CLAIMS 

1 . A method of concentrating solids in a liquid slurry comprising the steps oft 

5 establishing a volume of slurry having a solids concentration lower than a desired higher 

solids concentration inside a vacuum chamber maintained under a vacuum of less than 
27.6 kPaa (4 psia); 

continuously withdrawing a stream of said slurry from said vacuum chamber and 
10 recirculating said stream through a heat exchanger to heat said stream to a temperature 

sufficient to maintain the temperature of said slurry within said chamber at a minimum 
temperature below 65.5°C (1 50°F); 

continuously mixing said slurry contained in said vacuum chamber until a desired higher 
1 5 solids concentration in said slurry is achieved; 

continuously adding additional slurry having said lower solids concentration into said 
recirculating stream prior to said recirculating stream entering said heat exchanger; and 

20 continuously withdrawing a product slurry having said higher solids concentration from 

said vacuum chamber. 

2. A method according to claim 1 wherein the vacuum inside the vacuum chamber is 6.9 
kPaa or lower, and the temperature of the slurry within the chamber is maintained at a 

25 minimum temperature below 40°C. 

3. A method according to daim 1 or claim 2 including the step of withdrawing an overhead 
stream of liquid vapour and other gases from said vacuum chamber. 

30 4. A method according to claim 3 including the step Of separating said other gases from 
said overhead stream and recondensing said liquid. 

5. A method according to any of claims 1 to 4 including using a mixing pump to recirculate 
said slurry, said mixing pump disposed outside of said vacuum chamber so that said 

35 product can be withdrawn on a discharge side of said pump. 

6. A method according to any preceding claim including the step of inserting a 
homogeniser between said discharge of said pump and a location in a recirculation 
conduit where said product is removed from said slurry. 

SUBSTITUTE SHEET (RULE 26) 
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7. A method according to any preceding claim including using a circulation pump to 
withdraw said slurry from said vacuum chamber and introduce said withdrawn slurry to 
said exchanger. 

5 8. A process according to claim 2 including maintaining said vacuum chamber under a 
vacuum 6.9 kPaa (1 psia) or lower using a liquid ring pump. 

9. A system for concentrating solids in a liquid slurry comprising in combination: 

1 o a vessel adapted to contain a volume of slurry and be maintained under a vacuum; 

a first recirculation system adapted to continuously withdraw slurry from said chamber 
and seized said slurry into said chamber, 

1 5 heating means in said first recirculation system to heat said recirculating slurry; 

means to introduce slurry to be concentrated into said first recirculating means; and 

a second recirculation system at a location away from said first recirculation system to 
20 continuously withdraw and recirculate slurry to said vessel said second recirculation 

system including means to withdraw concentrated slurry from said recirculation system. 

10. A system according to claim 9 including a vacuum to pump maintain said vessel under 
vacuum said vacuum pump being used to remove vaporised liquid and other gases from 

25 the overhead of said vessel. 

11. A system according to claim 10 including means to condense said vaporised liquid and 
means to separate said condensed liquid from non-condensed components removed 
from said vessel. 

30 

12. A system according to any of claims 9 to 11 including a pump in each of said first and 
second recirculation systems. 

13. A system according to any of claims 9 to 12 including a homogeniser upstream of a 
35 conduit used to withdraw concentrated slurry from said second recirculation system. 
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